Abstract. The Large Hadron Collider is the world's largest and highest centerof-mass energy particle accelerator. During the Phase I operation it is expected that the LHC operated at a centre-of-mass energy of 13 TeV will deliver to the CMS experiment total integrated luminosity of ∼300 fb −1 till 2023. The High Luminosity LHC upgrade is expected to run at a centre-of-mass energy of 14 TeV and will allow ATLAS and CMS to collect integrated luminosities of the order of 300 fb −1 per year, and up to 3000 fb −1 during the HL-LHC projected lifetime of ten years. The large expected integrated luminosity enables the exploration of the multi-TeV scale by searches for particles with high masses as well as by investigation of processes with very low cross sections such as Flavor-Change Neutral Current interactions in top quark sector. In this report we present a proposal for the top quark FCNC searches at HL-LHC based on Monte-Carlo simulation of the upgraded CMS detector.
Introduction
CMS is a general purpose experiment measuring proton-proton and heavy-ion collisions at the Large Hadron Collider (LHC) at CERN [1] . The detector has been running at protonproton center-of-mass energies up to 13 TeV, with an LHC luminosity exceeding 10 34 cm −2 s −1 . High Luminosity LHC (HL-LHC) [2] is a upcoming major upgrade of the LHC which goal is to integrate ten times more luminosity than the LHC and allow ATLAS and CMS to collect integrated luminosities of the order of 300 fb −1 per year at proton-proton center-of-mass energies of 14 TeV and up to 3000 fb −1 during the HL-LHC projected lifetime of ten years. While the LHC is known as a top factory, the number of produced top quarks will be more than ten times more at HL-LHC due to increasing of production cross sections and luminosity. It will open new possibility for precise measurement of top-quark properties as well as allow for probe new physics by studying rare top decays such as those involving flavor changing neutral currents (FCNC, figure 1 ) with upgraded CMS detector [3] .
In the Standard Model (SM), FCNC processes are forbidden at tree level and are strongly suppressed in loop corrections by the Glashow-Iliopoulos-Maiani mechanism [4] . The predicted SM branching fractions for top quark FCNC decays are expected to be O(10 −12 −10 −17 ) [5] and are not detectable at current experimental sensitivity. However, certain scenarios beyond the SM (BSM), such as two-Higgs doublet model, warped extra dimensions and minimal supersymmetric models, incorporate significantly enhanced FCNC behavior that can be directly probed at the HL-LHC [5] . Observation of such processes would be a clear signal of new physics. Although flavor-violating couplings of the top may arise from many sources, the effects of BSM physics in top interactions with a light quark q = u, c and a gauge bosons or Higgs may be uniformly described by an effective Lagrangian approach. The most general effective Lagrangian, containing terms up to dimension five, can be written as [6] :
where P L and P R are chirality projectors in spin space, κ tqX and X tqZ are effective couplings for the corresponding vertices, Λ is the scale of new physics. To avoid ambiguities due to different normalizations of the couplings in the Lagrangian, the branching ratios of the corresponding FCNC processes are used for a comparison and presentation of experimental results.
Overview of results
In this section, the study of sensitivity of the upgraded CMS detector to top quark FCNC is presented for integrated luminosities of 300 and 3000 fb −1 based on Monte-Carlo (MC) simulation.
t → qγ branching ratios
The preliminary estimation of t → qγ branching ratios (q = u or c quark) is based on searches of single top quark production via q → tγ [3]. The final-state signature of signal contain an isolated high energetic photon and products of SM decay of the top.
The signals and tt (+γ), single top and W+jets (+γ) backgrounds are generated using the full MC simulation of the CMS Phase-2 detector, while the associated production of a single top quark with one or two additional photons is estimated from fast Delphes simulation [7] . Background and signal are produced with realistic Phase-2 conditions using the pileup scenario corresponding to a mean of 200 additional interactions per single bunch crossing.
Events are selected requiring the presence of exactly one isolated lepton (muon or electron) with p T > 25 GeV and |η| < 2.8, at least one isolated photon with p T > 50 GeV and |η| < 2.8 and two or three jets with p T > 30 GeV and |η| < 2.8 reconstructed using the anti-k T algorithm with a distance parameter R = 0.4. The event is required to have exactly one jet that passes b tagging criteria with efficiency of about 70% and a misidentification probability of Figure 2 : Photon candidates distributions of transverse momentum for the central region (|η| < 1.4) (left) and energy in the forward region (1.6 < |η| < 2.8) (right). For illustrative purposes, the signal samples are normalized to production cross section of 1 pb [3].
18% for c jets, and 1.5% for other jets. Electrons and photons in the overlap region between the barrel and endcaps electromagnetic calorimeters (1.4 < |η| < 1.6) are removed. The event is rejected if it has additional muon or electron candidates with p T > 10 GeV and |η| < 2.8 and if the reconstructed mass of top quark is not in range from 130 to 220 GeV. In additional all objects are required to be well separated with ∆R(e/µ, γ) > 0.7 and ∆R(b, γ) > 0.7.
The region with high p T (energy) of the photon candidate is populated by signal events, while the low p T (energy) region is background dominated (figure 2). This feature is used in order to obtain the discriminating distribution for the statistical analysis. Following sources of uncertainties are treated as nuisance parameters in the fit to the background-only model: the uncertainty in the b tagging efficiency (1% for b jets, 2% for c jets and 5% for light jets), jet energy scale (1%), lepton efficiencies (1%), total integrated luminosity (1.5%), tt cross section (6%), single top + photon cross section (30%), and the uncertainties in cross sections of the remaining processes according to variation of the renormalization and factorization scales. The expected 95% confidence level upper limits on the branching fractions for an integrated luminosity of 3000 fb −1 are found to be B(t → uγ) < 0.9 × 10 −3 % and B(t → cγ) < 7.4 × 10 −3 %. A comparison of the results with exclusion limits obtained from previous searches is presented in table 1. 
t → qZ branching ratios
The sensitivity of the upgraded CMS Phase-2 detector to t → qZ decay (q = u or c) is studied using top quark pair events with the decay chain tt → Zq + Wb → q + ν b [9]. The event topology includes the presence of three isolated leptons, one light and one b jets.
In the MC samples of the signal and considered backgrounds (tt + jets, tt + Z/W + jets, single top + Z/W + jets, Z/W + jets, WW/WZ/ZZ + jets), the fast simulation of the CMS Phase-2 detector and the inclusion of 140 pileup are performed by the Delphes [7] .
Events are selected requiring the presence of two opposite-signed and isolated leptons having an invariant mass between 78 GeV and 102 GeV, consistent with a Z-boson decay, an extra isolated lepton, exactly one b tagged jet and at least one light jets with p T > 50 GeV and |η| < 2.4 and a significant momentum imbalance in the detector E miss T > 30 GeV. All leptons (electron or muon) must have p T > 30 GeV and |η| < 2.5 for electrons and |η| < 2.4 for muons. To suppress cosmic rays contribution the µ + µ − pair opening angle is required to be smaller than π − 0.05. In additional the event is rejected if the reconstructed mass of top quark from SM decay is not in range from 135.5 to 207.5 GeV.
The predicted signal yield after selection is 578 events while the total number of background events is about 268. A 95% C.L. upper limit on the branching fraction of t → Zq is determined with the modified frequentist approach using the expected number of background events as observed value assuming no signal contribution. Systematic uncertainties from the jet energy scale (3.4%), E miss T resolution (3.2%), b-tagging efficiency (4.2%) and cross section ratio of tqZ to Vtt productions (0.8%) are estimated based on the study done with 8 TeV data and are rescaled to the realistic Phase-2 conditions as 19.5fb −1 /L by 0.25.
The expected 95% confidence level upper limits on the branching fractions for an integrated luminosity of 3000 fb −1 (300 fb −1 ) are found to be B(t → qZ) < 0.010% (0.027%). A comparison of the results with exclusion limits obtained from previous searches is presented in table 2. 
Conclusions
The HL-LHC will deliver up billions of top quarks, providing great opportunity to challenge the SM by searching for FCNC processes with upgraded CMS detector. Searches for FCNC tqγ and tqZ anomalous interactions are projected into new HL-LHC conditions and shows the possibility of improving existing constraints on the branchings by about one order of magnitude. Several studies for different FCNC processes in top quark sector are in an ongoing state: single top quark production in association with u or c quark via tqg vertex and t → qZ reanalysis based on a full detector simulation.
Due to huge statistics at the HL-LHC, the systematic uncertainties are expected to be the dominant factor in measurement precisions in such analyses. Therefore, an improvement is required in accuracy in processes cross section calculations.
